Summary Calcium use was common and remained high among women on osteoporosis therapy. Use of calciumsupplemented pharmacologic therapy increased from 65.1 to 76.0 % in these women (mean follow-up, 27.5 months). Over 12 months, calcium discontinuation was fairly similar among women using calcium only (23.7 %) and women supplementing pharmacologic therapy with calcium (22.5 %). Introduction Calcium has an important role in bone health. This study describes calcium use and persistence in a postmenopausal osteoporosis treatment cohort. Methods Subject-reported calcium use was analyzed for 3,722 participants of the Prospective Observational Scientific Study Investigating Bone Loss Experience (POSSIBLE US TM ) who used calcium either as their sole osteoporosis treatment (calcium only) or to supplement pharmacologic osteoporosis therapy (supplementers). Descriptive analyses were conducted. Kaplan-Meier methods were used to estimate the probability of discontinuing calcium therapy, and logistic regression was used to assess associations (age-adjusted odds ratios) between healthy behaviors and calcium use. Results At entry, there were 711 calcium-only subjects and 1, 960 of 3,011 subjects on pharmacologic osteoporosis therapy also supplementing with calcium (supplementers). The percentage of supplementers increased from 65.1 to 76.0 % during follow-up (mean, 27.5 months). During the first 12 months on study, the probability of calcium discontinuation was 23.7 % (95 % confidence interval [CI], 20.7−27.0) among calcium-only subjects and 22.5 % (95 % CI, 20.7-24.5) among supplementers. Supplementers who discontinued pharmacologic therapy were more likely to discontinue calcium than supplementers who continued pharmacologic therapy 
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Introduction
Calcium has a key role in the continuous cycle of resorption and reformation that occurs naturally in human bone. In postmenopausal women, resorption typically outpaces bone formation, in part because lower estrogen levels increase the breakdown of bone while simultaneously decreasing the absorption of calcium [1] [2] [3] . This imbalance between the two components of the bone remodeling process impacts both bone mineral density and bone quality, and increases the risk of osteopenia, osteoporosis, and fragility fracture.
The National Health and Nutrition Examination Survey (NHANES) has estimated total calcium intake, based on dietary sources and use of calcium supplements, in various demographic groups in the US [4] . These data, collected through household interviews, provide information on dietary behaviors and supplement use during the previous 30 days. In addition, a 24-h recall questionnaire is administered to collect subject-reported dietary intake and use of supplements [5, 6] . While this approach provides the data necessary to compute point estimates of total calcium intake and the prevalence of calcium supplementation that can be projected to the national population, the cross-sectional design of NHANES precludes evaluation of persistence with calcium supplements over time.
Despite the known bone benefits of adequate calcium intake and the known physiological changes that predispose postmenopausal women to inadequate serum calcium levels, relatively little is known about the use of calcium supplements among women treated for osteoporosis. The current study sought to describe calcium use as either the sole postmenopausal osteoporosis therapy (calcium only) or in conjunction with a pharmacologic osteoporosis agent (supplementers) At the routine visit, each subject completed a written selfadministered baseline questionnaire to report demographic characteristics and lifestyle behaviors, osteoporosis medication use, treatment satisfaction (Treatment Satisfaction Questionnaire for Medications [7] [TSQM, Quintiles, Inc., Research Triangle Park, NC, US]) and treatment-related side effects, and health-related quality of life (EuroQolEQ-5D™ [8] [EuroQol Group, Rotterdam, The Netherlands]). Followup questionnaires, mailed to subjects every 6 months after study entry for up to 3 years, collected the same information and also asked about the occurrence of on-study fractures. Physicians provided relevant medical history for each enrolled subject at study entry, with updates provided from routine visits during the follow-up period. Additional details of the POSSIBLE US TM study design, subject recruitment, and data collection have been reported previously [9] . This study included all subjects who had completed at least one follow-up questionnaire.
Self-reported use of calcium and pharmacologic osteoporosis therapy
On each questionnaire, subjects were instructed to complete a separate medication use page for each osteoporosis medication used during the previous 6 months. Each medication page provided 12 tick boxes (one for each month of the year) and subjects were asked to mark all months during the last 6 months in which they used a specified osteoporosis medication. Subjects used specific medication codes for each approved pharmacologic osteoporosis therapy marketed during the study period. Since calcium use was also of interest, a separate medication code was provided for reporting use of the risedronate formulation that includes calcium. The data collection forms also provided a code for reporting calcium with or without vitamin D. This wording did not allow us to isolate vitamin D supplementation in the study cohort; thus, for simplicity, we use the term Bcalcium^to report these results.
The monthly medication use data were analyzed to identify discontinuations of calcium and pharmacologic osteoporosis therapy. Discontinuation was defined as the reported nonuse of the baseline osteoporosis medication (ie, calcium or pharmacologic osteoporosis therapy) for three or more continuous months with the discontinuation date set to the first month in this period of nonuse. These definitions were also used previously to assess medication persistence in the POSSIBLE US™ cohort [10] . Here we use the term discontinuation to encompass discontinuations that were part of medication switches.
The primary analyses reported are based on the data obtained from the subset of subjects from the POSSIBLE US™ cohort who at or shortly after study entry reported either using calcium alone or using calcium to supplement a pharmacologic osteoporosis therapy. An additional analysis reports the initiation of calcium use in subjects who were using only prescription pharmacologic osteoporosis therapy at study entry.
Statistical analysis
For reporting purposes, subjects were classified into the following three groups using self-reported medication use: subjects who reported using calcium as their sole osteoporosis therapy at or within 2 months of study entry (calcium only); subjects who reported supplementing pharmacologic osteoporosis therapy with calcium or using a pharmacologic osteoporosis therapy that included calcium as part of the formulation at or within 2 months of study entry (supplementers); subjects who reported using only pharmacologic osteoporosis therapy at or within 2 months of study entry (pharmacologic only). This approach provided subjects a maximum of 2 months in which to initiate any osteoporosis therapies prescribed at the study enrollment visit.
Descriptive statistics were assessed for key demographic and clinical characteristics at study entry. Characteristics were compared between subjects in the calcium-only group and subjects who used a pharmacologic osteoporosis agent with or without calcium supplementation (combined population), using t tests for continuous data and chi-square tests for categorical data.
We examined utilization patterns for subject-reported calcium use among calcium-only subjects and supplementers. Kaplan-Meier methods were used to estimate the probability of persisting with calcium during the first 12 months after study entry. For these analyses, subjects with no evidence of a medication discontinuation or switch were censored at the date of therapy augmentation (addition of another agent to the index regimen described above), loss to follow-up, death, or end of the observation period, whichever came first.
Persistence with calcium was assessed separately for calcium-only subjects and supplementers. Among supplementers, subjects who discontinued pharmacologic osteoporosis therapy in the first year on study were identified, and then the percentage of subjects who continued using calcium after discontinuing their pharmacologic osteoporosis therapy was determined. For all subjects who discontinued calcium use in the first year on study, all available follow-up data were used to determine whether they resumed calcium use later in follow-up. Restart results are presented separately for calcium-only subjects and for supplementers. In this latter group, the percentage of subjects who re-initiated calcium therapy after discontinuing both calcium use and pharmacologic osteoporosis therapy was determined.
Finally, a multivariate model was constructed to examine associations between calcium use and the three markers of healthy behavior for which data were obtained at study entry: subject reported not smoking, healthy body mass index (BMI, 18.5-24.9 kg/m 2 ) based on physician-reported weight and height, and subject-reported regular physical activity/exercise. This model estimated unadjusted and age-adjusted odds ratios and 95 % confidence intervals (CIs) for each of these three health behaviors.
Initial analyses of the distributions of key variables suggested a high level of data completeness, and, therefore, missing data were not imputed. All statistical analyses were conducted using SAS® version 9.1 software (SAS Institute Inc., Cary, NC, US).
Results
Data were analyzed for 3,722 subjects from the POSSIBLE US™ cohort who reported osteoporosis monotherapy at or within 2 months of study entry (Fig. 1) . At study entry, 711 of these subjects reported using calcium as their sole osteoporosis therapy (calcium only) and 3,011 subjects reported using pharmacologic osteoporosis therapy, of whom 1,960 (65.1 %) reported also using calcium at study entry (supplementers) and the remainder (1,051) used only pharmacologic agents (pharmacologic only). Compared with subjects using pharmacologic osteoporosis therapy (n=3,011), calcium-only subjects were younger, more likely to be overweight or obese, more likely to have either no osteoporosis diagnosis or a physicianreported diagnosis of osteopenia (all p<0.0001), and less likely to have had a prior fragility fracture (i.e., fracture after age 50, p=0.004) ( Table 1 ). The specialty distribution of enrolling physicians also differed between subjects using calcium only and those using pharmacologic osteoporosis therapy (p<0.0001) ( Table 1) . Mean (SD) follow-up was 27.5 (10) months.
The percentage of supplementers increased to 76.0 % (2, 287/3,011) over the follow-up period as pharmacologic therapy users added calcium to their treatment regimens. Supplementers reported concurrent calcium use in 83.6 % of the months that pharmacologic osteoporosis therapy was used (83.3 % for subjects using bisphosphonate therapy, 84.8 % for subjects using non-bisphosphonate therapy). However, concurrent use of calcium and pharmacologic therapy only occurred in 64.1 % of all follow-up months due to discontinuations of pharmacologic therapy, calcium supplementation, or both.
Over 12 months of follow-up, calcium discontinuation was fairly similar among calcium-only subjects and supplementers. Overall, 76.7 % of calcium-only subjects and 75.2 % of supplementers continued using calcium during this period (Table 2) . Among supplementers who discontinued the pharmacologic osteoporosis therapy used at study entry (n=981), 34.9 % also stopped using calcium. By contrast, only 14.8 % of supplementers who continued pharmacologic osteoporosis therapy discontinued calcium. The population attributable risk (34.9 % minus 14.8 %) indicates that the supplementers who discontinued their pharmacologic osteoporosis therapy had a 20 % greater likelihood of also discontinuing calcium. The proportion of supplementers who discontinued both the pharmacologic osteoporosis agent reported at study entry and calcium was 34.0 % among subjects who used bisphosphonates and 36.9 % among those who used other pharmacologic osteoporosis therapies.
Since the duration of follow-up varied in the study population, Kaplan-Meier methods were used to estimate the probability of discontinuing calcium use during the first 12 months on study. Based on evaluation of 8,232 subject-months, calcium-only subjects had a 23.7 % (95 % CI, 20.7-27.0) probability of discontinuing calcium. Supplementers (22,464 subject-months) had a similar (22.5 %; 95 % CI, 20.7-24.5) probability of discontinuing calcium. Among subjects who stopped using calcium for at least 3 months, 54.2 % (90/ 166) of the calcium-only subjects and 42.3 % (206/487) of the supplementers resumed calcium use before the end of follow-up.
Among the subjects who used pharmacologic osteoporosis therapy only (i.e., no calcium use) at entry, 46.5 % (489/1,051) discontinued the pharmacologic osteoporosis therapy reported at study entry, and of those subjects, 26.4 % (129/489) later began using calcium.
Based on age-adjusted odds ratios and 95 % CIs, selfreported regular exercise was the only one of the three healthy behaviors examined (i.e., not smoking, healthy BMI, exercise) that was positively associated with calcium use at study entry ( Table 3 ). The age-adjusted point estimate suggested that subjects who reported not smoking were also more likely to have used calcium, but this difference was not statistically significant.
Discussion
A variety of effective therapies with different modes of administration and mechanisms of action are available for both the prevention and treatment of osteoporosis [11] . In addition to
Total number of subjects enrolled in POSSIBLE US™ N = 5,015
Subjects with follow-up data n = 4,271
Final study population excluding subjects who reported either using multiple pharmacologic osteoporosis therapies or no osteoporosis therapy within 2 months of study entry n = 3,722
With calcium supplementation at study entry (supplementers) n = 1,960
Without calcium supplementation at study entry (pharmacologic only) n = 1,051
Calcium use and no pharmacologic osteoporosis therapy reported within 2 months of study entry (calcium only) n = 711
Pharmacologic osteoporosis monotherapy reported within 2 months of study entry n = 3,011 pharmacologic osteoporosis therapy, research suggests that calcium supplementation (with or without vitamin D) has an important role in management of osteoporosis since inadequate calcium intake increases the risk of osteopenia and osteoporosis [12] . Overall in our study population, 71.8 % (2,671/3,722) of subjects reported calcium use at study entry, either as their sole osteoporosis therapy (n= 711) or as supplemental to pharmacologic therapy (n=1, 960). Treatment guidelines and product packaging for pharmacologic osteoporosis medications often recommend that calcium and vitamin D supplements be used in conjunction with the pharmacologic osteoporosis agent [13] . This recommendation is based on the fact that osteoporosis clinical trials have generally been conducted in subjects who were receiving adequate levels of calcium and vitamin D, and in general, women with osteoporosis have an increased risk of presenting with calcium and/or vitamin D deficits [14, 15] . In the POSSIBLE US™ cohort, a considerable proportion of pharmacologicallytreated subjects were not using calcium during their time on study. However, it was encouraging to see that the percentage of pharmacologically-treated subjects supplementing with calcium increased from 65.1 to 76.0 % during follow-up.
Studies report that the frequency with which calcium supplements are co-prescribed for subjects receiving pharmacologic osteoporosis treatment varies [14, 16] . Surveys of primary care physicians in the US who participated in the National Osteoporosis Risk Assessment (NORA) study indicated that calcium supplementation was recommended to 87 % of postmenopausal subjects (age 50 and older) in 1998 and to 90 % of subjects in 2006 (p=0.0006) [16] . By contrast, in a study of postmenopausal women in France who initiated osteoporosis treatment between May and August 2010, 51 % received a co-prescription for calcium (with or without vitamin D) [14] . An additional 26 % of these women were coprescribed vitamin D only.
The probability of persisting on calcium therapy during the first 12 months on study was over 75 % both in subjects who were using calcium only and in supplementers. This is considerably higher than the persistence rates reported in the literature for pharmacologic osteoporosis therapies [10, 17] , including the 66 % (95 % CI, 64-68 %) 12-month probability of persistence with pharmacologic osteoporosis therapies previously reported for the POSSIBLE US™ cohort [10] .
Few studies have reported persistence with calcium only. An Italian study reported that among 1,680 postmenopausal women treated with calcium (with/without vitamin D), 14.3 % discontinued within 6 months, an additional 5.4 % discontinued between 6 and 12 months, and 2.9 % discontinued after 12 months (median follow-up, 14 months) [18] . A multicenter cross-sectional study in Spain examined persistence in subjects age 45 years and older who had received a prescription for calcium plus vitamin D at least 1 year earlier [19] . Among these subjects, women using calcium for a variety of conditions including osteoporosis, 27.7 % had discontinued by the time the cross-sectional study was completed.
In the present study, supplementers who stopped using the pharmacologic osteoporosis therapy reported at study entry were less likely to continue using calcium compared with subjects who persisted on the pharmacologic osteoporosis therapy reported at entry (85.2 versus 65.1 %). This finding suggests that whatever factors may predispose a patient to discontinue prescription osteoporosis therapy may also influence persistence with calcium therapy, although we were not able to explicitly test this hypothesis because data on reasons for discontinuation were not adequately captured. On the other hand, over one quarter of the subjects who discontinued a pharmacologic-only regimen initiated calcium use later during follow-up, which suggests an interest in pursuing osteoporosis treatment in some form.
Data from NHANES III (2003) (2004) (2005) (2006) indicate that more than half of women over age 70 and women age 51 to 70 years have dietary calcium intakes below the then recommended levels for their respective age and sex groups [4] . In NHAN ES III, 67 % of women age 51 to 70 and 65 % of women age 70 and older reported using calcium supplements, with these supplements providing an average of 578 and 608 mg/day, respectively. Even with these supplements, only an estimated 39 % of women older than age 50 achieved the recommended calcium intake. Despite these disappointing results, the use of calcium supplements by women age 60 and older has Values are n (%) unless otherwise noted *p<0.005, significant differences between calcium only and pharmacologic therapy patients a Based on subject-reported medication use at or within 2 months of study entry b With or without calcium supplementation [20] .
In the POSSIBLE US™ cohort, 72 % of women used calcium, which is higher than the 64 % reported for osteoporosis subjects with earlier data in NHANES from 1999-2002 [21] . This difference may reflect the specific recruitment of calcium users into POSSIBLE US™, or the overall increased use of calcium supplements over time reported by older women who participated in NHANES.
Regular exercise was the only health behavior evaluated that was correlated with calcium use in our study cohort. This finding is important since other research suggests that physical activity and calcium intake may have synergistic bone benefits. A Greek study, for instance, posits a complementary effect on bone mass for regular physical activity and adequate calcium intake, with increased bone stiffness in the active post-and premenopausal women compared with their sedentary counterparts [22] .
Despite general agreement that calcium is important to bone health, current clinical recommendations are still mixed. The Institute of Medicine conducted an assessment of data on calcium (reported in 2008) and concluded that calcium provided significant bone benefits, especially for postmenopausal women [23] . Results from a large-scale calcium/vitamin D supplementation trial conducted within the Women's Health Initiative (WHI) demonstrated that supplementation had the potential to increase bone mineral density and to reduce hip fracture risk among women who were adherent to therapy and who had been taking supplements for 5 years or longer [24] . The Agency for Healthcare Research and Quality's comparative effectiveness review of osteoporosis therapies reported that the evidence demonstrating reductions in nonvertebral fracture with calcium monotherapy was moderately strong, with strong evidence for the role of calcium therapy in reducing hip fracture risk [25] .
By contrast, in 2013, the US Preventive Services Task Force recommended against supplementation with ≤1,000 mg of calcium and ≤400 IU of vitamin D 3 for postmenopausal women, and also noted that the evidence regarding higher dose levels was inadequate to make a recommendation for or against supplementation [13] . In particular, although a 12 % reduction in hip fracture rate observed for the postmenopausal women (age 50 to 79 years) in the WHI cohort who were supplementing with 1,000 mg of calcium daily was statistically significant, the US Preventive Services Task Force did not consider this effect large enough to recommend calcium supplementation at this level for primary prevention of fractures in postmenopausal women. This recommendation was given despite the statistically significant 21 % reduction in hip fracture rate that was reported among calcium supplementers in the WHI cohort who were age 60 and older, and the statistically significant 30 % reduction in hip fracture rate among women who were compliant with calcium supplementation [26] .
Risk benefit is a consideration in decisions to prescribe calcium supplementation for osteoporosis patients, and several studies have examined the safety of calcium supplementation, in terms of the risk of cardiovascular disease (CVD) or events [27] [28] [29] [30] [31] [32] [33] [34] . Results of those studies have been mixed. Some studies [27] [28] [29] [30] [31] 34] , including an analysis of data collected in the WHI randomized controlled trial [29] and a meta-analysis of 15 randomized controlled trials including the WHI [27] , have reported associations between calcium supplementation and increased risk of CVD and related events, such as CVD-related deaths in men only, [34] and myocardial infarction. By contrast, a recent analysis of NHANES III data examining the safety of calcium supplementation found no association between dietary or supplementary calcium intake and risk of CVD-related death [35] . Furthermore, when the WHI trial data were combined with data from over 93,000 postmenopausal women who had approximately 8 years of follow-up in the WHI observational cohort study, calcium supplementation had no apparent effect on the risk of CVD or CVD-related events (e.g., myocardial infarction, stroke) [32] .
Results from our study should be interpreted within the limitations of this study. First, the POSSIBLE US™ cohort includes only postmenopausal women who were Adjusted for patient age at study entry treated for bone loss by their primary care physician and were receiving osteoporosis medications. The women in this cohort represent a selected population of women identified for osteoporosis treatment and who were willing to participate in an observational study. These women may differ demographically and clinically from postmenopausal women in general, and may also exhibit different health-related behaviors. Although the original POSSIBLE US™ paper concluded that the women in this cohort were demographically similar to women treated for osteoporosis in the US, they may not be representative of women with postmenopausal bone loss overall or of women treated for bone loss in other countries where osteoporosis treatment guidelines and product labeling may differ. Secondly, since very large calcium supplements are now provided over-the-counter, studies of calcium use must rely on patient self-report. Our reliance on subject-reported medication use for this study may result in overestimation of the proportion of subjects using and/or persisting on calcium therapy. In summary, utilization of and persistence with calcium was high in this cohort of postmenopausal women who were receiving osteoporosis therapy. Discontinuation of pharmacologic osteoporosis therapy was associated with an increased likelihood of discontinuing calcium use. A number of subjects who entered the study on a pharmacologic osteoporosis agent appeared to have switched to calcium only during follow-up. In addition, the proportion of women who used calcium to supplement pharmacologic osteoporosis therapy increased during follow-up.
